w Searching PAJ 



1/1 ^— V 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 05-1 1 2857 

(43)Date of publication of application : 07.05.1993 



i : 

(51)Int.CI. 




C22F 1/18 
B24C 1/10 




(21)Application number 


: 03-146070 


(71)Applicant 


: NIPPON STEEL CORP 


(22)Date of filing : 


18.06.1991 


(72)Inventor : 


FUJII HIDEKI 








YAMAZAKI TATSUO 


rr- — : — — — ~~ 






HORITANI TAKAO 



(54) METHOD FOR IMPROVING FATIGUE PROPERTY OF ALPHA + BETA TITANIUM ALLOY 
SUBJECTED TO BETA RANGE HEATING 

(57)Abstract: 

PURPOSE: To provide the methods for improving the fatigue properties of an a+ B type titanium alloy 
subjected to fi range heating without deteriorating its ductivity. 

CONSTITUTION: An a + 6 type titanium alloy subjected to 6 range heating is subjected to shot peening 
and is subjected to heat treatment of holding it under heating to the temp, range of 700° C to the B 
transformation point-20° C for 5min to 8hr. Or, the above heat treatment is executed at the B 
transformation point-1 50° C to the B transformation point-20oC, is cooled at a cooling rate above that 
of air cooling and is furthermore subjected to stabilizing annealing of holding it under heating to 450 to 
820oC for 30min to 24hr. Or, after the above heat treatment or stabilizing, shot peening is moreover 
executed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fatigue property improvement approach of an alpha plus beta titanium alloy which 
performs shot peening to the alpha plus beta titanium alloy which carried out beta region heating 
processing, and is characterized by subsequently to the temperature of -20 degrees C or less of beta 
transformation points carrying out heating maintenance 5 minutes or more above 700 degrees C for 8 or 
less hours of having performed beta region heating processing. 

[Claim 2] The fatigue property improvement approach of an alpha plus beta titanium alloy characterized 
by performing shot peening to the alpha plus beta titanium alloy which carried out beta region heating 
processing, carrying out heating maintenance 5 minutes or more for 8 or less hours at -150 degrees C 
or more of beta transformation points subsequently to the temperature region of -20 degrees C or less 
of beta transformation points, cooling with the cooling rate more than air cooling, and carrying out 
heating maintenance 30 minutes or more at 450 more degrees C - 820 degrees C for 24 or less hours of 
having performed beta region heating processing. 

[Claim 3] The fatigue property improvement approach of an alpha plus beta titanium alloy characterized 
by performing shot peening further after carrying out said claim (1) or the process of (2) of having 
performed beta region heating processing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fatigue property improving method of an alpha plus 
beta titanium alloy for having performed beta region thermomechanical treatment in more detail about 
the manufacture approach of an alpha plus beta titanium alloy. 
[0002] 

[Description of the Prior Art] An alpha plus beta titanium alloy is a general-purpose ingredient with the 
history of old development, is characterized by the light weight, high intensity, high corrosion resistance, 
etc., and has been used abundantly at the aircraft material etc. The general manufacture approach of 
this alpha plus beta titanium alloy performs strong processing in the alpha+beta region below beta 
transformation point, and performs annealing further in an alpha+beta region. The alpha plus beta 
titanium alloy manufactured by such approach has the detailed homaxial organization, and is excellent in 
reinforcement, ductility, and especially a fatigue property. However, in the alpha+beta region, since 
deformation resistance is high and heat slowing nature also has it, the constraint on a facility, the 
increment in the count of heating, or the fall of the yield is produced, and the manufacturing cost has 
been raised remarkably. [ low ] 

[0003] On the other hand, in beta region more than beta transformation point, deformation resistance is 
low, and since heat slowing nature is high, processing becomes remarkably easy. However, since the 
product manufactured by such approach had the acicular structure inferior to a fatigue property, it was 
seldom used for the aircraft. However, such a material that carried out beta region heating processing 
will also become possible [ it being cheap and offering the material of a light weight and high intensity ], 
if a fatigue property is improved since it has comparatively high reinforcement and a ductility value 
although it is inferior to a homaxial organization. 

[0004] As an approach of raising a fatigue property, shot peening given in JP.50-10551 5,A can be 
mentioned, for example. This is the approach which aimed at controlling fatigue crack generating in the 
surface section with high fatigue crack occurrence frequency by stiffening a surface with shot peening 
or making compressive stress remain. However, since ductility would fall extremely further if shot 
peening is performed, the acicular structure which is seen by beta region heating work timber had the 
trouble of receiving a very serious limit on use. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the approach for raising a 
fatigue property, without reducing ductility by performing thermomechanical treatment to the alpha plus 
beta titanium alloy which performed beta region heating processing, in order to cancel the above- 
mentioned trouble. 
[0006] 

[Means for Solving the Problem] As a result of repeating research wholeheartedly, after this invention 
persons performed shot peening, when suitable heat treatment was performed, they found out that an 
axial organization, such as having excelled in a fatigue property or ductility, generated in the surface 
section. That is, this invention performs shot peening to the alpha plus beta titanium alloy which 
performed (1) beta region heating processing, and is characterized by subsequently to the temperature 
of -20 degrees C or less of beta transformation points carrying out heating maintenance 5 minutes or 
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more above 700 degrees C for 8 or less hours. 

(2) Shot peening is performed to the alpha plus beta titanium alloy which carried out beta region heating 
processing, and, subsequently to the temperature region of -20 degrees C or less of beta transformation 
points, heating maintenance is carried out 5 minutes or more for 8 or less hours at -150 degrees C or 
more of beta transformation points, and it cools with the cooling rate more than air cooling, heating 
maintenance is carried out 30 minutes or more at 450 more degrees C - 820 degrees C for 24 or less 
hours, and it is characterized by carrying out stabilizing annealing. 

(3) It is characterized by performing shot peening further after carrying out said this invention (1) or the 
process of (2). 

In addition, beta region heating processing is a process heated and processed to the temperature region 
more than beta transformation point, and it is not necessary to be necessarily the temperature more 
than beta transformation point, processing initiation temperature or processing termination temperature 
is in the middle of processing before processing, and also when becoming below beta transformation 
point by the temperature fall of a material, it is included. Moreover, in equilibrium, beta transformation 
point is parent phase single phase above the temperature, is temperature which serves as an alpha+beta 
two phase under at the temperature, and, generally is 850-1050 degrees C in an alpha plus beta titanium 
alloy. Moreover, an alpha plus beta titanium alloy is a titanium alloy of a class with which all or a part of 
parent phase metamorphoses into alpha phase or martensite more than from beta transformation point 
at the time of ********, and both alpha phase and parent phase exist in the equilibrium state in a room 
temperature, for example, is Ti-6aluminum-4V etc. 
[0007] 

[Function] This invention is explained to a detail below. In this invention (1), shot peening is first 
performed to the alpha plus beta titanium alloy which performed beta region heating processing. This is 
for adding a plastic strain to a surface part and introducing the rearrangement of high density, the 
oxygen which exists in the surface section here — concentration — a layer and a scale are wanted to 
remove by shot blasting, acid washing, grinding, etc. in advance of shot peening, since the plastic strain 
by shot peening bars reaching even to a base material. 

[0008] Next, heating maintenance of this material is carried out 5 minutes or more above 700 degrees C 
for 8 or less hours at the temperature of -20 degrees C or less of beta transformation points. This is a 
process which changes a needlelike alpha phase organization into an axial organization, such as having 
excelled in the fatigue property, by making the surface part into which the high density rearrangement 
was introduced by shot peening recover and recrystallize by heat treatment. Here, since the 
temperature of under this temperature of recovery and recrystallization is inadequate, having made 
heating retention temperature into 700 degrees C or more is based on the reason which an axial 
organization, such as having excelled in the fatigue property, does not generate. Moreover, at the 
temperature exceeding this, the rate of a parent phase becomes extremely large, and since the number 
and amount of a shaft alpha phase, such as having excelled in the fatigue property, become less, a 
fatigue property depends on the reason [ having made heating retention temperature into -20 degrees C 
or less of beta transformation points ] which is not fully improvable. Moreover, since the holding time for 
less than 5 minutes of recovery and recrystallization was inadequate, having made the holding time into 
5 minutes or more made the holding time 8 or less hours for big-and-rough-izing of alpha phase being 
intense, and a fatigue property falling in the time amount exceeding this. Moreover, in the time amount 
exceeding 8 hours, when this heat treatment is performed in atmospheric air, in order that oxidation may 
reach even more than the depth of the surface section made homaxial, the effectiveness of this 
invention is lost. 

[0009] This invention (2) is an approach for aiming at improvement in a fatigue property further by 
combining the effectiveness of said this invention (1), and strengthening heat treatment. In this invention 
(2), shot peening is first performed to the alpha plus beta titanium alloy which carried out beta region 
heating processing, subsequently to the temperature region of -20 degrees C or less of beta 
transformation points, heating maintenance is carried out 5 minutes or more for 8 or less hours at -150 
degrees C or more of beta transformation points, and it cools with the cooling rate more than air 
cooling. If it heat-treats by suitable temperature and time amount after performing shot peening as this 
invention (1) explained, an axial organization, such as having excelled in the fatigue property, will 
generate. If the rate of the parent phase which exists between homaxial alpha phases if this heat 
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treatment process is performed by carrying out heating maintenance 5 minutes or more especially in the 
temperature region of -20 degrees C or less of beta transformation points for 8 or less hours at -150 
degrees C or more of beta transformation points becomes high and cools with the cooling rate more 
than air cooling further, this parent phase will metamorphose into the detailed acicular structures, such 
as martensite. It is the purpose of this process to make the surface section generate the mixed 
organization of such a homaxial alpha phase and a detailed needlelike alpha phase. Here, at the 
temperature below this, having made heating retention temperature into -1 50 degrees C or more of beta 
transformation points has few amounts of a parent phase, and it is based on the reason which sufficient 
quantity of the detailed acicular structure does not generate. Moreover, at the temperature exceeding 
this, the rate of a parent phase becomes extremely large, and since the number and amount of a shaft 
alpha phase, such as having excelled in the fatigue property, become less, a fatigue property depends on 
the reason [ having made heating retention temperature into —20 degrees C or less of beta 
transformation points ] which is not fully improvable. Moreover, since the holding time for less than 5 
minutes of recovery and recrystallization was inadequate, having made the holding time into 5 minutes 
or more made the holding time 8 or less hours for big-and-rough-izing of alpha phase being intense, and 
a fatigue property falling in the time amount exceeding this. Moreover, it is because the detailed acicular 
structure does not generate in a cooling rate with later than air cooling our having decided to cool with 
the cooling rate more than air cooling. 

[0010] Subsequently, stabilizing annealing is performed by carrying out heating maintenance 30 minutes 
or more at 450 degrees C - 820 degrees C for 24 or less hours. By this stabilizing annealing, the 
detailed acicular structure is returned, and turns into a mixed organization of the shape of a stable 
homaxial + detailed needle, and reinforcement rises. Here, having made heating retention temperature 
into 450 degrees C or more is based on the reason which an organization inadequate [ diffusion of an 
element ] and stable cannot generate easily at the temperature below this. Moreover, at the 
temperature exceeding this, the great portion of detailed acicular structure generated during cooling 
does the reverse transformation of having considered as 820 degrees C or less to a parent phase again, 
and it is based on the reason the purpose of strengthening is not attained. Moreover, having made the 
heating holding time into 30 minutes or more is based on the reason the organization that the time 
amount of element diffusion is inadequate and stable and quality-of-the-material property below this 
are not acquired. Moreover, the detailed organization where it is stable having made the heating holding 
time into 24 or less hours at less than 24-hour time amount has already been obtained, and it is 
because time amount and energy are useless to perform time amount heat treatment exceeding this. 
[001 1] In this invention (3), after performing said this invention (1) or (2), shot peening is performed 
again. This aims at raising the fatigue property of the material which became an axial organization — 
only the surface section was excellent in the fatigue property — or a homaxial + detailed needlelike 
mixing organization by performing shot peening further by performing this invention (1) or (2). Although it 
is not desirable in order to make the ductility value of the acicular structure fall extremely, when direct 
shot peening is performed to beta region heating work timber, since the surface section serves as an 
axial organization, such as being rich in ductility, or a homaxial + detailed needlelike mixing organization 
here by the sample which carried out this invention (1) and (2), there are few amounts of ductility falls 
by shot peening, and sufficient ductility is secured. 
[0012] 

[Example] The case where this invention is applied to Ti-6aluminum-4V (beta transformation point: 1000 
degrees C) is explained to an example in more detail about this invention. Heating forging of the Ti- 
6aluminum-4V ingot ingoted by the vacuum arc dissolution was carried out at 1 100 degrees C of beta 
region, and the 12mm plate was manufactured by carrying out 1 100 more degree-C heating rolling. The 
rolling termination temperature of rolling initiation temperature was 830 degrees C at 1000 degrees C. 
Each of these is the temperature on the front face of a sample. The round bar test piece which has the 
parallel part of 35mm die length and the diameter of 8.05mm from this plate was cut down, and 
processing shown in Table 1 - 4 was performed. In order that the test piece which finished each 
processing might remove the irregularity produced with shot peening, it carried out polish removal of 
about 0.025mm of the surfaces, performed the rotation bending fatigue test on 60Hz conditions with the 
room temperature, and asked for the fatigue limit. Moreover, some samples performed the tension test 
and searched for tensile strength and elongation. The result is shown in Table 5 - 8. In addition, all heat 
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treatments were performed in Ar ambient atmosphere, and shot peening performed the glass bead of the 
diameter of 1 00 micrometer by about 200% of covering ledge by about 30 m/s, after performing the glass 
bead of the diameter of 1mm by about 200% of covering ledge by about 40 m/s. 
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[0021] it is shown in Table 1 and 5 — as — as [ beta region heating processing ] — material (test 
number 1) — a fatigue limit — 420MPa(s) it is . if shot peening is performed to beta region heating work 
timber (test number 2) — a fatigue limit — 461MPa(s) up to — although it goes up, elongation 
decreases sharply to 4.2% and 5% or less. 

[0022] In Table 2, test numbers 3-5, and 7 and 10 are the examples of this invention (1). Fatigue limits 
are all 440MPa(s) by applying this invention (1), as shown in Table 6. It is above and there was no 
remarkable ductility fall which elongation is 7% or more and all becomes 5% or less like a test number 2 
in test numbers 3-5. It is because it changed to an axial organization, such as the surface section into 
which the high density rearrangement was introduced by shot peening having recovered and 
recrystallized this by heat-treating, and having excelled in a fatigue property and ductility. For all, fatigue 
limits are 430MPa(s) as the test numbers 6, 8, 9, and 1 1 which are the examples of a comparison of this 
invention (1) show to Table 6 on the other hand. It was less and was a value equivalent in being a value 
lower than as [ beta region heating processing ] (test number 1). This reason is as follows. In a test 
number 6, since [ whose heat treatment temperature after shot peening is the upper limit of this 
invention (1) at 990 degrees C ] it was higher than 980 degrees C, the number and amount of a shaft 
alpha phase, such as having excelled in the fatigue property, decreased, and a fatigue property has not 
fully been improved. In a test number 8, since the heat treatment time amount after shot peening was 
less than 5 minutes which is the lower limit of this invention (1), recovery and recrystallization are 
inadequate and the effectiveness of this invention was not fully attained. In a test number 9, since the 
heat treatment temperature after shot peening was less than 700 degrees C which is the lower limit of 
this invention (1), recovery and recrystallization are inadequate and the effectiveness of this invention 
was not fully attained. Moreover, since the heat treatment time amount after shot peening exceeded 8 
hours which is the upper limit of this invention (1), the test number 1 1 of the improvement of a fatigue 
property was not violently enough as big-and-rough-izing of alpha phase. 

[0023] In Table 3, test numbers 12-14, and 20 and 23 are the examples of this invention (2). For all, 
fatigue limits are 460MPa(s) as shown in Table 7. It has exceeded and the fatigue limit is going up 
further rather than the case where this invention (1) is applied. Moreover, in test numbers 12 and 13, 
elongation is 6% or more, and there was also no remarkable ductility fall. This is because the mixed 
organization of the shape of a stable homaxial + detailed needle which the parent phase generated 
between alpha phases made homaxial, metamorphosed during cooling in the detailed acicular structure, 
and was further excellent in a fatigue property or ductility during heat treatment after shot peening with 
stabilizing annealing generated in the surface section. 

[0024] On the other hand, for all, fatigue limits are 460MPa(s) as shown to Table 7 in the test numbers 
15-19 which are the examples of a comparison of this invention (2), and 22, 24 and 25. It was the 
following, and it is the test number 3 and EQC which gave this invention (1), or a value not more than it, 
and sufficient effectiveness was not attained. The reason is as follows. In a test number 1 5, since the 
holding time of heat treatment after shot peening exceeded 8 hours which is a upper limit in this 
invention (2), big and rough-ization of alpha phase took place, and it did not result in the improvement of 
sufficient fatigue property. In a test number 1 6, since whenever [ stoving temperature / of heat 
treatment after shot peening ] was the temperature of less than 850 degrees C which is a lower limit in 
this invention (2), there were few amounts of a parent phase, and while sufficient quantity of the 
detailed acicular structure cooled, it did not generate, and the effectiveness of this invention was not 
fully attained. 

[0025] Moreover, in a test number 17, since whenever [ stoving temperature / of heat treatment after 
shot peening ] exceeded 980 degrees C which is a upper limit in this invention (2), the amount and 
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number of shaft alpha phases, such as having excelled in the fatigue property, became fewer, and a 
fatigue property has not been improved. In a test number 18, since the holding time of heat treatment 
after shot peening was less than 5 minutes which is a lower limit in this invention (2), an axial 
organization, such as recovery and recrystallization having been inadequate and having excelled in the 
fatigue property, did not generate. Moreover, in a test number 1 9, since the cooling rate after performing 
heat treatment after shot peening was slower than air cooling which is a minimum in this invention (2), a 
parent phase did not metamorphose into the detailed acicular structure, and the improvement of a 
fatigue property was not attained. Since the test number 22 was less than 450 degrees C whose 
stabilizing-annealing temperature is the lower limits in this invention (2), element diffusion was 
inadequate, a stable organization did not generate, and the improvement of a fatigue property was not 
attained. In a test number 24, since stabilizing-annealing temperature exceeded 820 degrees C which is 
a upper limit in this invention (2), the great portion of detailed acicular structure did the reverse 
transformation to the parent phase again, and the fatigue property has not improved. Since the test 
number 25 was less than 30 minutes whose stabilizing-annealing time amount is the lower limits in this 
invention (2), sufficient element diffusion did not take place and the stable organization and sufficient 
fatigue property were not acquired. In addition, at a test number 21, it is 460MPa. Although the above 
good fatigue limit is obtained, in the short test number 20 of stabilizing-annealing time amount, sufficient 
value is already reached, and stabilizing-annealing time amount is superfluously long. 
[0026] In Table 4, a test number 26 is the example of this invention (3) which performed shot peening to 
the test number 3 which performed this invention (1) further. Moreover, a test number 27 is the example 
of this invention (3) which performed shot peening to the test number 12 which performed this invention 
(2) further. As shown in Table 8, compared with the test number 3 or the test number 12, the value of a 
fatigue limit is high further, and elongation is also 5% or more. The surface section depends this on his 
having been an axial organization, such as having excelled not only in a fatigue property but in ductility. 
[0027] 

[Effect of the Invention] As explained above, the fatigue property of beta region heating work timber is 
improvable by applying this invention to the alpha plus beta titanium alloy which performed beta region 
heating processing. Moreover, since processing of an alpha+beta region is not needed, it is cheap and 
the material of high fatigue strength can be offered. 
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